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Introduction:  Abnormal  karyotype  is  a  hallmark  of  cancer  cells,  including  breast  cancer. 
Therefore,  it  has  been  postulated  that  chromosome  instability  may  be  a  direct  cause  of  the 
genesis  /  stage  progression  of  cancer.  The  spindle  checkpoint,  that  delays  the  onset  of 
sister  chromatid  separation  until  all  the  kinetochores  capture  the  mitotic  spindle,  plays  an 
important  role  for  maintenance  of  the  normal  chromosome  number.  We  suspect  that  loss 
of  the  checkpoint  may  produce  aneuploids  which  serve  as  the  epicenter  of  cancer.  To  test 
this  hypothesis,  we  propose  to  abolish  the  checkpoint  and  examine  the  phenotypes. 

The  heart  of  the  mechanism  of  the  checkpoint  is  that  Mad2,  a  component  of  the 
checkpoint,  binds  to  its  target,  human  p55CDC,  and  prevents  it  from  promoting 
proteolysis  prerequisite  to  sister  chromatid  separation.  If  Mad2  is  unable  to  bind  to 
p55CDC,  the  checkpoint  is  not  functional.  On  the  basis  of  this  principle,  we  have 
proposed  to  mutate  the  Mad2-binding  domain  of  p55CDC  and  generate  mutants  of 
p55CDC  defective  in  binding  to  Mad2.  If  properly  mutated,  expression  of  such  mutants 
would  abrogate  the  checkpoint  in  a  dominant  manner.  A  similar  strategy  has  proven 
successful  in  the  yeast  model  study  [1,  2].  In  year  1,  we  have  generated  a  number  of 
mutants  of  p55CDC  to  which  Mad2  may  not  bind  in  the  yeast  two-hybrid  system.  In  the 
current  year  (Year  2),  we  have  characterized  these  mutants  in  vivo. 

Body:  As  reported  in  the  previous  year  (Year  1),  approximately  70  mutants  of  p55CDC 
which  would  have  lost  the  binding  activity  to  Mad2  have  been  cloned  into  a  tetracycline- 
inducible  expression  vector  and  integrated  in  the  genome  of  cultured  cells  (a  derivative  of 
Hela  cell  that  allows  the  use  of  tet-inducible  system).  A  modified  compound,  doxycyclin 
(Dox),  which  is  less  toxic,  can  be  used  to  induce  the  expression. 

In  the  current  year,  we  have  induced  expression  of  the  p55CDC  mutants  and 
examined  the  phenotypes  individually  with  the  following  criteria; 

n  Sensitivity  to  nncodazole:  We  have  assumed  that  if  the  spindle  checkpoint  is  not 
functional,  the  cell  becomes  hyper-sensitive  to  a  spindle  poison,  nocodazole.  Thus, 
viability  of  the  Hela  cells  was  determined  after  incubation  with  nocodazole.  Among  the 
70  mutants,  3  of  them,  namely  M9,  M4  and  M45,  have  reduced  the  viability 
significantly  only  after  incubation  with  nocodazole. 

2X Binding  activity  to  Mad2:  These  three  mutants  have  been  tagged  with  EGFP  (a 
derivative  of  GFP  which  can  be  recognized  by  an  antibody  to  GFP)  and  expressed  in 
Hela  cells.  Immuno-precipitation  with  the  antibody  to  GFP  has  demonstrated  that 

these  mutants  are  defective  in  binding  to  Mad2  (Figures  1A,  B  and  C). 
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3)  Checkpoint  activity:  In  order  to  demonstrate  that  reduction  in  the  viability  is  actually 
due  to  loss  of  the  checkpoint,  we  have  examined  the  activity  of  the  checkpoint.  The 
active  checkpoint  arrests  cell  cycle  progression  at  prometaphase  if  nocodazole 
interferes  with  the  spindle  formation.  As  a  result,  phosphorylated  histone  H3,  which 
reaches  a  peak  in  early  to  mid-mitosis,  accumulates  in  the  arrested  cells.  We  have 
found  that  there  is  no  accumulation  of  phospho-H3  if  expression  of  the  M45  mutant  is 
induced  (Figure  ID). 

41  DNA  content:  Loss  of  the  checkpoint  would  result  in  aneuploidy.  DNA  content  of  the 
Hela  cells  expressing  the  M45  mutant  has  been  measured.  As  shown  in  Figure  ID, 
expression  of  the  M45  mutant  has  produced  cells  with  more  or  less  than  2N  DNA 
content,  suggesting  that  loss  of  the  checkpoint  causes  instability  in  chromosome 
number. 

We  are  currently  examining  the  M4  and  M9  mutants  in  the  same  way.  For  Year  2  (July 
2000  to  June  2001)  of  this  research  project,  we  have  proposed  the  following  tasks; 

(Tasks  1  and  2  have  been  completed  in  Year  1) 

Task  3:  to  analyze  the  mutants  biochemically 

Task  4:  to  test  the  mutants  for  sensitivity  to  a  spindle  poison 

Task  5:  to  inject  mouse  oocytes  with  p55CDC  mutant  gene  construct 

Task  6:  to  select  transgenic  mice  which  carry  the  mutant  p55CDC 

As  shown  in  Figure  1,  Tasks  3  and  4  have  been  completed  in  Year  2.  However,  we  have 
not  completed  Tasks  5  and  6  (to  generate  transgenic  mice)  for  the  following  reason.  In  the 
original  application,  we  have  proposed  to  determine  if  loss  of  the  checkpoint  results  in 
genesis /progression  of  breast  cancer  in  the  mouse  animal  model.  At  the  time  of  the 
preparation  of  the  application  (June  1998),  the  mouse  animal  model  is  only  the  system 
which  allows  study  of  tumorigenesis.  It  has  however  been  shown  that  the  normal  human 
cell  lines  can  be  transformed  by  ectopic  expression  of  three  defined  components,  a 
subunit  of  the  telomerase,  SV40  large  T-antigen  and  oncogenic  Ras  GTPase  [3].  Therefore, 
we  feel  that  it  is  important  to  test  our  hypothesis  first  in  the  cultured  human  cells.  This 
modification  will  let  us  avoid  to  sacrifice  animals  in  the  research  project.  The  project  will 
be  modified  as  described  below. 

Modification:  The  inducible  construct  of  p55CDC-M45  mutant  has  been  integrated  in  the 
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genome  of  the  BJ  cell,  a  normal  human  cell  line,  which  is  able  to  maintain  the  normal 
chromosome  number.  In  Year  3,  we  will  induce  the  expression  of  p55CDC-M45  and  test  if 
it  increases  the  rate  of  tumorigesis.  Upon  neoplasmic  transformation,  the  BJ  cell  line 
would  be  able  to  grow  in  an  anchorage-independent  fashion  on  the  soft  agar  media.  In 
addition,  we  will  test  if  loss  of  the  checkpoint  contributes  to  the  stage  progression  of 
cancer.  While  some  primary  transformed  cells  are  able  to  grow  on  soft  agar,  they  are  not 
able  to  invade  a  layer  of  extracellular  matrix  (ECM).  When  they  progress  through  the 
stage  of  tumorigenesis  and  become  more  aggressive,  they  can  invade  ECM.  The  assay  can 
be  performed  readily  with  materials  commercially  available  (Becton  Dickinson  Labware, 
NJ).  The  two  methods,  soft  agar  assay  and  Matrigel  invasion  assay,  would  allow  staging 
of  the  transformed  cells  in  our  study.  If  aneuploidy  plays  a  role  only  in  a  later  stage  of 
tumorigenesis,  (such  as  from  primary  cancer  to  invasive  or  metastatic  cancer),  expression 
of  p55CDC-M45  would  not  shorten  the  period  required  for  primary  transformation 
(assayed  by  soft  agar).  However,  it  would  shorten  the  period  required  for  invasive  or 
metastatic  transformation  (assayed  by  Matrigel). 

Addition:  Although  we  believe  that  the  p55CDC-M45  mutant  would  be  a  powerful 
reagent  to  abrogate  the  spindle  checkpoint,  we  also  feel  that  the  results  obtained  with 
p55CDC-M45  should  be  confirmed  by  another  strategy.  We  have  recently  identified  a 
novel  Mad2-binding  protein,  Cmt2.  Overexpression  of  Cmt2  results  in  dissociation  of  the 
Mad2-p55CDC  complex  and  abrogates  the  spindle  checkpoint.  We  like  to  use 
overexpression  of  Cmt2  as  an  additional  strategy  in  the  project.  Overexpression  of  Cmt2 
affects  the  spindle  checkpoint  by  a  mechanism  slightly  different  from  that  of  p55CDC- 
M45.  If  we  observe  the  same  results  with  the  different  reagents,  it  would  strengthen  our 
conclusion. 

Key  Research  Accomplishment: 

1.  to  examine  the  p55CDC  mutants  biochemically  and  physiologically. 

2.  to  identify  three  mutants  of  p55CDC  which  abolish  the  spindle  checkpoint  in  a 
dominant  negative  fashion. 

3.  to  introduce  the  inducible  construct  of  the  p55CDC  mutant  in  the  BJ  cell  line. 

4.  to  characterize  a  novel  Mad2-binding  protein,  Cmt2. 
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Reportable  Outcomes: 

Habu,  T.,  Kim,  S.  H.  and  Matsumoto,  T.  (2001).  A  Mad2-binding  protein,  Cmt2,  is 
required  for  silencing  the  spindle  checkpoint,  (submitted  on  June  12,  2001) 

Conclusion:  We  have  generated  the  p55CDC-M45  mutant  that  is  defective  in  binding  to 
Mad2.  When  ectopically  expressed,  it  abrogates  the  function  of  the  spindle  checkpoint.  In 
Year  2,  we  have  also  identified  and  characterized  a  novel  Mad2-binding  protein,  Cmt2, 
and  found  its  overexpression  abrogates  the  checkpoint.  These  two  reagents  will  be  used 
in  Year  3  to  test  if  loss  of  the  checkpoint  contributes  to  genesis /progression  of  cancer  in 
normal  human  cell  line,  BJ. 
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Appendix:  Figure  1  is  attached  in  the  next  page. 
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Figure  1.  Dominant  negative  mutants  of  p55CDC.  A.  The  wild  type  p55CDC  and  mutants  of  p55CDC  (M4,  M9 
and  M45)  were  tagged  with  EBFP  respectively  and  transiently  expressed  in  Hela  cells.  EBFP  alone  was  also 
expressed  (negative  control).  Western  blot  was  performed  to  measure  the  levels  of  EBFP  and  p55CDCs  tagged 
with  EBFP  (top  panel)  and  Mad2  (bottom  panel).  B.  The  same  extracts  shown  in  A  were  used  for  immuno- 
precipitation  with  the  antibody  to  GFP,  which  can  recognize  EBFP.  The  precipitates  were  examined  for  the 
presence  of  p55CDC  (top  panel)  and  Mad2  (bottom  panel)  by  western  blot.  C.  The  bar  graph  indicates  the 
quantitative  analysis  of  the  level  of  Mad2  associated  with  each  p55CDC.  The  intensity  of  the  bands  shown  in  B 
(bottom  panel)  was  measure  by  NIH-image.  D.  (mitotic,  left  panel);  Hela  cells  that  express  p55CDC-M45  in  a 
Dox-dependent  manner  were  arrested  by  Double  thymidine  block  and  released  into  the  media  containing 
nocodazole  in  the  presence  (+)  or  absence  (-)  of  Dox.  Twelve  hours  after  the  release,  the  samples  were  taken  and 
processed  for  western  blot,  (cycling,  right  panel);  Asynchronously  growing  Hela  cells  that  express  p55CDC-M45 
in  a  Dox-dependent  manner  were  cultured  for  48  hours  either  in  the  presence  (+)  or  absence  (-)  of  Dox,  and 
processed  for  western  blot.  Hela  cells  that  induce  the  mutant  of  p55CDC-M45  were  cultured  asynchronously  for 
24  hours  in  presence  (+)  or  absence  (-)  of  Dox  and  prepared  for  FACS  for  measurement  of  DNA  content  (bottom 
panel).  9 


